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(54) GAS GENERATING COMPOSmON 

(57) A gas genetatrng composition having a low 
combustiori temperature and a low heat of combustion 
at the time of tjurning and therefore enabling downsizing 
of gas generators themselves, which comprises as the 
essential components nitroguanidine and an oxidizing 
agent comprising (a) nitrates or nitrites of alkali metals 
or alkaline earth metals. (Jd) oxides or muit^>le oxides of 
metals selected from among copper, cobalt, iron, man- 
ganese, nickel, zinc, molytxienum and bisnurth, or a 
mixture of the components (a) and ^). 
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Descripti n 

fTechnical Fie(d to which the Invention Belongs] 

5 The present invention relates to a gas generating compositton which serves a working gas in the air bag system to 

"be mounted in automobiles, aircraft or the like for the protection of the human body. 

XPrior Art] 

10 Sodium azide is known to the public as the gas generating agent to be used in the air bag system for automobiles, 
aircraft or the like. Further, gas generating compositions comprising sodium azide are not particularly problematic in the 
burning characteristics and therefore are widely put to practical use. However, sodium azide has essentially unfavorable 
disadvantages. For example, many patents of this field have pointed out various problems such as dangerousness of 
decompositional explosion, formation of explosive compourttJs by the reaction with heavy metals, ertvironmental pollu- 

15 tion caused by mass disposal of the waste and so on. 

Meanwhile, investigations are in progress on the substitutes for sodium azide to solve these prot)lems. For exam- 
ple, gas generating compositions comprising transition metal complexes of tetrazofe or tiazole are disclosed in JP-B 6- 
57629; cwies comprising triaminoguanidine nitrate in JP-A 5-254977; ones comprising cartx)hydrazide in JP-A 6- 
239683; and ones comprising cellulose acetate and nitrogenous nonmetallic compounds such as nitroguantdine in JP- 

20 A 7-61885. 

Further, USP 5125684 discloses the use of nitroguanidine as tiie energetic component to be made coexistent with 
1 5 to 30% cellulose-based binder; and WO- A 96/25375 ft)ubltshed on August 22. 1 996) discloses combinations of nitro- 
guanidine with silicon oxide or alunwium oxide. 

When the buming of a nitrogenous organic compound is conducted by the use of an oxidizing agent in a stoichio 

S5 metric amount, i.e., such an amount as to generate enough oocygen to complete the buming of cartx>n, hydrogen and 
other elements constituting the compour^, the heat of combustion ard the combustion temperature are generally 
Ngher than those fourvi in the burning of azide compounds disadvantageousiy. In addition to the performance of a gas 
generating agerrt. it is essential to the inflater system for air bags that the system itsetf has such a size as not to hinder 
the ordinary driving of an automobile. When a gas generating agent having a high combustion te mp era t ure and a high 

30 heat of combustion is used, however, the use of additional parts for heat removal is unavoidable in designing a gas gen- 
erator, wttich makes it inipossS)le to downsize a gas generator. In short, it is most preferable that a gas generating agent 
have a low comt>ustion temperature and a low heat of combustion at the time of tuiming. Accordingly, it canruit be said 
that the known gas generating compositions described above are satisfactory tn applicability to air fc>ag systems. 

35 [Disdosure of the Inventfon] 

The inventors of ttie present irrvention have intensively studied to solve the above problems, and ttie present inven- 
tion has l>een accompTished as a resuft of the studies. 

The present invention relates to a gas generating composition which comprises as the essential components nitro- 
40 guanidtne and an oxidizing agent comprising the following component (a) or (b) or a mixture of the components (a) arKl 
(b): 

(a) nitrates or nitrites of alkali metals or alkaline earth metals, and 

(b) an oxide or a multiple oxide of a metal(s) selected from copper. cofc^aH, iron, manganese, nickel, zinc, molytxJe- 
45 num and bismuth. 

The composition is preferably a combir^tion of nitroguanidine with the component (b), or with the components (a) 
and (b). 

The composition preferably comprises 20 to 80% by weight of nitroguanidine and 80 to 20% by weigtit of the oxi- 
50 dizing agent, and still preferably comprises 25 to 40% by weight of nitroguanidine and 75 to 60% by weight of the oxi- 
dizing agent. 

The composition may further contain at most 5% by weigtrt of a binder or binders based on the total weight of the 
composition. 

The oxidizing agent is preferably one wherein the component (a) is an alkaline earth metal nitrate, still preferably 
55 strontium nitrate, one wherein the component (a) is an alkali metal nitrate, still preferably potassium nitrate, one wherein 
the component (b) is an oxide, still preferably copper oxide, or one comprising strontium nitrate and copper oxide. 
The modes for carrying out the invention will now be descril>ed in detail. 

The content of nitroguanidine in the gas generating composition of the present invention is preferat)ly 20 to 80% by 
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weight still preferably 20 to 60% by v^ipT. though rt depends on the kind of the oocidizin^gent and the oxygen bal* 
ance. The cont^ is most desirably 25 to 40% by weight because, in such a case, a gas generating c om po siti on com* 
prising a copper oxide as the oxidtztng agent exhibits a combustion temperature of 2200 K or below and a gas yieid of 
1,2 mol/100 g or above. 

5 In the present invention, the above component (a) or (b) or a mixture of both is used as the oxidizing agent Specific 

examples of (a) nitrites or nitrates of alkali metals or alkaline earth metals include alkali metal or alkaline earth metal 
salts of nitric add, such as sodium nitrate, potassium nitrate, magnesium nitrate, strontium nitrate; arxl alioJi metal or 
alkaline earth metal salts of nitrous acid, such as sodium nitrite, potassium nitrrte, magnesium nitrite and strontium 
nitrite. On the other hand, specific examples of ^) oxides or multiple oxides of metals selected from copper, cobalt iron, 

w manganese, nickel, zinc, molybdenum and bismuth include CuO, CusO. CP2O3, CoO, C03O4. Fe203. FeO, Fe304, 
Mn02. Mn203. Mn304. NiO, ZnO, M0O3. G0M0O4. Bi2Mo06 and Bi2Q3. Among these oxidizing agents, copper oxides 
are the most desirable. 

The oxidizing agent to be used in the present invention may be any one selected from antong the above com- 
pounds or any combination of two or more members selected from among them. The conterrt of the oxidizing agent in 

IS the gas generating composition fe preferably 80* to 20% by weight still preferably 80 to 40% by weigtit The content is 
most desirably 75 to 60% by weight because, in such a case, a gas generating composition comprising a copper oxide 
as the oxidizing agent exhibits a combustion temperature of 2200 K or below and a gas yield of 1^ mol/1 00 g or above. 

The gas generating composition of the present invention may further contain a birder or benders. The binder to be 
used in the present invention includes inorganic ones such as silica, alumina and molytxienum dtsuffde; and organic 

20 ones such as microcrystalline cellulose, POVAL and high-molecular-weigtrt oligomers, ft is preferable the bcrvier 
content of the composition be 5% by wagtTt or below. 

The gas generating composition of the present invention comprising nitroguanidine and the above oxidizing agent 
generally exhfijits a lowered combustion temperature and a lowered total heat of combustion as conpared with those 
of the gas generating compositions of the prior art In particular, a composition conprising mtroguantdine and CuO is 

25 extremely excellent in these respects, thus being the most important combination. Further, this composition can change 
in the burning velocity and the pressure exponent by controlling the oxygen balance. The term ^pressure exponent" as = 
used in this description refers to the exponent "n" in the formula: burning velocity r (mmfeec) « a x p" (wheran a is a 
constant dependent on the constituents of a gas generating composition and initial temperature; and p is pressure 
(kgf/cm^) of measurement). The above composition has the property that n approaches 0 as the oxygen balance shifts 

30 to the plus side, which is particularly preferable from the standpoint of the stability of combustion. 

The gas generating composition of the present invention is preferably pr^>ared by mixing the componertts in a pow- 
dery state, and the mixing can be conducted also according to a wet process in the presence of water or the like at 
need. Prior to the use. the composHion may. if necessary, be molded into a suitable shape such as granule, pellet or 
disk. Further, a composition having a low burning velocity may be molded by extrusion prior to the use. 

35 The gas generating composition of the present invention is particularly useful for the air txig system to be mounted 
in automobiles, aircraft or the like for the protection of the human body. 

The nitroguanidine contained in the gas generating composition of the present invention exh&^its high long-term 
stability required of the air l>ag system and is excellent in Iwrriing characteristic^^ , . 

40 [Example] 

The present invention will now be described specifically by referring to the following Examples and Conparative 
Examples, though the present invention is not limited by them. In the following Examples and Comparative Examples, 
the compositions were pelletized in an ordinary manner before tjeing examined. 



Examples 1 to 5 and Comparative Examples 1 to 7 



Table 1 shows the theoretical comtxjstion temperatures of nitroguanidine-containing gas generating compositions 
according to the present invention. And as Comparative Examples are shown the theoretical combustion temperatures 
so of gas generating compositions (Comparative Examples 1 . 2) comprising transition metal complexes of 5-aminotetra- 
zoie (5-AT) (disclosed in JP-B 6-57629). gas generating composition (Comparative Example 3) comprising triamino- 
guanidine nitrate (disclosed in JP-A 5-254977), gas generating conposition (Comparative Example 4) containing 
carbohydrazide (disclosed in JP-A 6-239683). and gas generating compositions (Comparative Examples 5, 6 arid 7) 
comprising cellulose acetate and nitrogenous nonmetallic compounds (disclosed in JP-A 7-61885). 



Examples 6 to 14 

A gas generating composition coriTprisIng nitroguanidine and CuO could change in combustion temperature, burn- 
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ing velocity, density of peltets of the gas geHRig composition and gas yieW, by changing ^roxing ratio of the com- 
ponents. The data are given in Table 2. Each Ixjrning velocity was detennined under a pressure of 70 kgf/cm^. 

As will be understood from the results, the gas generating compositions of the present invention are superior to 
ttiose of the prior art particularly in combustion temperature, which paves the way to downsizing of gas generators and 
appfication to air bag systems. 



Table 1 





Compn. 


(wt%) 


Combustion temp. (K) 


Ex. 


1 


nitroguanidine/KNOa 


(56.3/43.7) 


2200 




2 


nitroguanidin€/Sr(N03yCuO 


(40.3/19.2/40.5) 


2091 




3 


nitroguanidine/CuO 


(39.5/S0.5) 


2043 




4 


nitroguanldine/KN03/Al203 


(55.2/42.8/2.0) 


2172 




5 


nrtroguanidine/CuO/cellulose 


(32.8/64.7/2.5) 


1928 


Comp. Ex. 


1 


2n(5-AT)2/Sr(N03)2 


. (44.0/56.0) 


2411 




2 


(Cu(S-AT)2.i/2H20]/gr(N03)2 


(42/58) 


2390 




3 


triaminoguanidine nitrateA<CI04 


(57.9/42.1) 


2911 




4 


carbohydrazide/KCIOVCaO 


(39/B1/10) 


2825 




5 


cellulose acetate/triacetin/KCIOVnitroguarudlne 


(8/2^5/35) 


2834 




6 


cellulose acetateftrtacetin/KCI04rtriaminoguani- 
dfne nrtfEtte 


(8/4^/31) 


2893 




7 


cellulose acetate/tr{acetin/KCI04/5-aminotetrazole 


(10^65/20) 


2928 



Table 2 





Compa 


(wt%) 


Combustion 
temp. (K) 


Burning 
velocity 
(mm/s) " 


Density 
(g/cm^) 


Gas yield (mo(/1 00 
g of gas ger>erating 
compn.) 


Ex. 


6 


nitroguankiine/CuO 


(39.5/60,5) 


2043 


4,3 


2.54 


1.90 




7 


nitroguanidine/CuO 


(38/62) 


1992 


4.9 


2.56 


1.83 




8 


nitroguanidine/CuO 


(36/64) 


1922 


5.8 


2.58 


1.73 




9 


nitroguanidine/CuO 


(34/66) 


1850 


6.9 


2.63 


1.63 




10 


nitroguantdine/CuO 


(32/68) 


1774 


8.8 


2.71 


1.54 




11 


nitroguanidine/CuO 


(30/70) 


1695 • 


9.1 


2.76 


1.44 




12 


nitroguanidine/CuO 


(28/72) 


1604 


10.6 


2.83 


1,35 




13 


nitroguanidine/CuO 


(26/74) 


1526 


11.0 


2.94 


1.25 




14 


nitroguantdine/CuO 


(24.6/75.4) 


1517 


9.5 


2.94 


1.18 



50 

Claims 

1 . A gas generating composition characterized by comprising as the essential components nitroguanidine and an oxi- 
dizing agent comprising the following component (a) or (b) or a mixture of the components (a) and (p): 

55 

(a) nitrates or nitrites of alkali metals or alkaline earth metals, and 

(b) oxides or multiple oxides of metals selected from copper. cot>alt. iron, manganese, nickel, zinc, molytxie 
num and bismuth. 
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-4i„« rtoim 1^Bch conprises nitroguanidine and the con^ 
2. The cemposftion according to dairnirwniwi **' v 

weight of the oxidizing agent. 

weight of the oxidizing agent. 

on the total amount of the composition. 
7. The conposHion acconiing to daim . . wherein the conponent (a) is an alkaline earth metal nitrate. 
" 8. TheconposHionaccordingtoclaim1.whereintheconponent(a)isstromiumnto^^^ 
9. Theconpositionaccordingtodaiml.whereinthecornponentCa)!^ 
.10. The conposilion according to dain, 1. wherein the component (a) is potassium nitrate. 

11. The composition acconiing to daim 1. wherein the component (b) is an oxide. 

12. Thecompositionaccordingtociaim1.whereinthecomponent(b)isacopperoxide. 
13 Thecomposi.ionaccordingtodaim1.whereintheo»di.ingagentcomprisesstrom^^ 
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